We present the first experimental study of optical response of collective plasmon resonances in regular arrays of nanoresonators to local environment. Recently observed collective plasmon modes arise due to diffractive coupling of localised plasmons and yield almost an order of magnitude improvement in resonance quality. We measure the response of these modes to tiny variations of the refractive index of both gaseous and liquid media. We show that the phase sensitivity of the collective resonances can be more than two orders of magnitude better than the best amplitude sensitivity of the same nanodot array as well as an order of magnitude better than the phase sensitivity in SPR sensors.
A high sensitivity of optical excitations of the electron plasma in metal films and nanostructures (referred to as surface plasmons [1, 2] ) to the refractive index (RI) of local environment is widely applied for development of sensitive bio-and chemical sensors. For example, surface plasmon resonance (SPR) observed in the Kretschmann-Raether configuration has been made to become a benchmark in biosensing by Biacore. The sensitivity of SPR technique in the visible range is of the order of 1 nm per 10 -3 of refractive index unit (RIU), which makes possible the achievement of the detection limit of 10 -5 -10 -6 RIU [3] . This sensitivity can be enhanced by using phase of light under SPR conditions [4] which was shown to demonstrate dramatic changes near the SPR minimum of reflection and allowed one to measure local RI changes at the level of 10 -8 RUI [5, 6, 7] . However, the excitation of SPR over a thin film does not always satisfy modern requirements of nanobiotechnology [8] which advances toward novel nanoscale architectures, including beacons [9] and other nano-molecular complexes, and demands new functionalities such as manipulation on a nanoscale level [10] , size-based selectivity and multi-sensing in microarrays with single particle sensitivity [11] . Localised plasmon resonances (LPR) observed in metallic nanostructures [12] represent a viable alternative to SPR based on propagating plasmons for the tasks of bio-and chemical sensing. LPR appear to be much more suitable to match these new trends, as well as to bring new properties, such as spectral tuneability, strong enhancement of the local electric field, and nano-trapping. For example, LPR of gold double-pillar nanomolecules working in visible light can be tuned in a 100nm wavelength range just by changing polarization of incident light [13, 14] . However, LPR-based sensors are known to provide orders of magnitude lower sensing response to refractive index change compared to SPR with sensitivities not exceeding 0.1-0.3 nm per 10 -3 RIU in spectral interrogation schemes [12, 15, 16, 17] .
Recently, it was suggested theoretically [18, 19] and shown experimentally [20, 21] [20] and are quite sensitive to local environment. For example, the sensitivity of the "air" CPR [20] observed at 600nm can be evaluated as 0.6nm per 10 -3 RIU which is comparable with the experimental sensitivity of SPR. In addition, it was shown [20] that a suitable choice of sizes of gold nanoinclusions allows one to achieve a compete suppression of light reflection at the resonance conditions that can be useful for the phase methods of detection [5, 6, 7] . In this
Letter we assess an application of CPR for bio-and chemical sensing based on RI monitoring and
show that CPR holds a big promise for developments of a new generation of plasmonic sensors.
To observe CPR we have used regular arrays of Au nanodots (nanopillars), as shown in the Inset of , where n g is the RI of the gas surrounding nanodots ( _1 air R  615nm for the single dot array of Fig. 1(a) ). To study the response of our structures to refractive index of environment we have used controlled gaseous mixtures of propanol with air and controlled mixtures of water with glycerol. Figure 2 and Table 1 show the main result of this Letter -the amplitude and phase responses of the described samples, as well as theoretical data for SPR in the Kretschmann-Raether geometry for comparison. In the case of the direct gas measurements, we applied two different gas mixtures and plotted the difference of the amplitude signal, , and the phase signal, , in the region near CPR. . It is worth noting that the data of Fig. 2 (and Fig. 1) represent raw data without any averaging.
From Table 1 we see that CPR sensitivity to local index of environment in the gaseous media has an edge over the SPR in the Kretschmann-Raether configuration. Indeed, despite the fact the CPR wavelength shift is smaller in the studied samples than in a theoretical case of SPR, the corresponding amplitude signals are comparable with those of theoretical SPR (at the level of 3 of  per 10 -3 RIU which corresponds to about 10% in light intensity). This is connected to the better resonance quality of CPR in comparison to SPR [20] . The resonance quality can be roughly evaluated as Q= min / HW . The experimental CPR observed in the studied samples has quality of Q≈100 in the air and Q≈150 for ATR geometry which is an order of magnitude better than that of conventional SPR (Q~10). However, the biggest improvement of CPR sensing scheme lies in its extremely high phase sensitivity. From Figure 2 and Table 1 we see that the best experimental CPR phase sensitivity in gaseous media (520 per 10 -3 RIU) is more than 2 orders of magnitude better than the corresponding amplitude sensitivity and one order of magnitude better than the phase sensitivity of SPR [5] . Simple considerations show that the phase sensitivity of a resonance curve depends on the value of the intensity of reflected light at the resonance minimum [6] . Introducing a figure of merit, FOM, as a ratio of the phase over the amplitude sensitivity [24] , we get
where  min is expressed in radians. (Neglecting the change of reflection for s-polarization, we have the phase changes near the resonance minima as ,min ,min one for phase-sensitive SPR counterparts by almost an order of magnitude [24] . By changing array parameters (e.g., the lattice constant a) it is realistic to develop a phase sensitive CPR sensor with the threshold at the level of 10 -10 RIU.
To conclude, we have shown that CPR in regular arrays of gold nanoresonators can be a viable alternative to SPR for development of chemical and bio-sensors. We demonstrated that experimental amplitude sensitivity of CPR to local index of refraction is comparable with that of SPR, while CPR phase sensitivity is an order of magnitude better than that of SPR based on the Kretschmann configuration. The interrogation spot of our experiments was about 60x30 µm 2 which allow one to develop high-through-put and chip-based detection techniques.
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